The hybrid inorganic-organic frameworks depending on the cations, ligands, linkers their connectivity and voids, display various attractive properties. [1] [2] [3] [4][5][6][7] [8] [9] [10] [11] [12] [13] In these multifunctional materials, the manifold functionalities lead to new cross-effects of higher order, both physical and chemical in nature. Particularly interesting are post-synthetic modifications (PSM) of metal-organic frameworks (MOF's). 14, 15, [24] [25] [26] [27] [28] [29] [30] [16] [17] [18] [19] [20] [21] [22] [23] The PSM can be used for fabricating in-situ, under specific conditions, new materials with required properties. The PSM solid-state transitions and reactions are often initiated by physical stimuli. Owing to the self-contained reaction space, requiring no 2 additional substrates, the PSM can be invaluable for green technologies and for obtaining sophisticated advanced materials on requested sites. This topochemical reactions can be stimulated by light, temperature and pressure. [31] [32] [33] [34] [35] The typical high-pressure effects, such as tighter molecular packing, increased density, compressed coordination bonds, shorter distances to the ligands and modified crystal field -all can destabilise material structure. 
Figure 1| Schematic diagram of phase transformations and reactions of iron formates at various
conditions. Double arrows mark the reversible transformations.
Discussion
The structural features of the starting material are essential for understanding its PSMs. The ambient-pressure hybrid perovskite α-DmaFe 2+ Fe 3+ For6, of trigonal space group P3 ̅ 1c (Table 1) , is stable in different hydrostatic media nearly up to 1.40 GPa. As previously reported, 59 ,60 all iron cations in α-DmaFe 2+ Fe 3+ For6 are octahedrally coordinated by formate anions in anti-anti configuration. Every second cavity of the framework is occupied by the Dma cation and every other is empty. At ambient pressure, above 155 K, 59 ,60 the Dma cation is disordered in this way that the two methyls reside on the 3-fold axis and around the axis, the nitrogen atom is distributed between three equivalent sites. Below 155 K, the onset of ordering of Dma cations breaks the symmetry and transforms the crystal to phase β, of space group R3 ̅ c. 61, 62 In the framework, each Fe(III) cation is surrounded by six octahedrally arranged Fe ( 68, 69 The insets graphically represent the strain tensors of the crystals at the low-pressure limit of their stability regions. 70 The magnetic properties of α-DmaFe 3+ Fe
2+
For6 are consistent with high-spin configurations of the iron cations. 60 The configuration of electrons in the partly filled 3d shell affects not only the potential energy and size of the cation, but also its reactivity. According to 6 Hund's rule, the electronic configuration of maximum-multiplicity (highest-spin) is favoured. The X-ray diffraction measurements confirmed that in glycerol phase α is compressed like in Daphne oil and isopropanol, but then a sudden transformation takes place to a new phase ( Figure   S1 ). Only one single crystal diffraction pattern was present above 1.40 GPa, despite that two different (transparent-outer and dark-internal) phases were clearly visible. By solving the crystal structure of the new diffraction pattern, we found that this is DmaFe 2+ For3 (Table 1) 81 The Fe 2+ For2 crystals are transparent and their formation is consistent with the outer part of the sample above 1.40 GPa.
The pressure-induced reduction of iron from Fe(III) to Fe(II) was described by
Drickamer et. al. 71 With increasing pressure the energy of 3d orbitals (placed against the ligand orbitals) lowers, at the same time increasing iron affinity for electrons. The formate anions possess empty π orbitals, they can bond to the (filled) t2g(π) orbitals of the metal atom by the back donation of metal electrons. The reduction is accomplished at the point, when the electron from a nonbonding ligand orbital is transferred to the metal 3d antibonding orbital. This conversion can lead either to a free radical formed at a ligand site, or to an electron hole circuling between the adjacent ligands. 71 The reversible transformations observed by us visually (Figure 7 ) and by X-ray diffraction in the diamond-anvil cell (DAC) on increasing and reducing the pressure through 1.40 GPa contrast with the reported stability of DmaFe 2+ For3 and Fe 2+ For2 compounds. However, both these transparent phases are separated be the transition zone of collapsed strongly strained (black) layer of phase X. Apparently, this dark region on the release of pressure has the potential to expand into the framework with cages ready to and receive back the Dma cations, which reconstructs the DmaFe 2+ Fe 3+ For6 phase α.
Irreversible CO2 templated reaction in MeOH, EtOH
We detected no signs of anomalous behaviour for α-DmaFe 2+ Fe 3+ For6 compressed in methanol and ethanol to about 1.10 GPa. However, at 1.15 GPa, the crystal slowly dissolved and small cubic prisms precipitated (Figure 8 ). We recovered them to ambient pressure and established by X-ray diffraction that they are formed of Dma3Fe cations ( Figure 9 ). It appears that the main reason for the different effect of methanol and ethanol is that they better dissolve α-DmaFe 2+ Fe 3+ For6 than isopropanol, Daphne oil and glycerol. Consequently, phase α dissolves and some formates decompose to CO2 and H2. This reaction involves an electron transfer from the formate non-bonding level to the metal dπ orbitals, according to: are prone to decarboxylation. For example, hydrated nickel formate decarboxylases at about 473 K, yielding the fine powder of pure metallic nickel. 84 Moreover, the catalytic effect of Fe(BF4)2·6H2O for the dehydrogenation of formic acid is highly efficient. These liquids are different in several respects, and it appears that the most significant properties in this respect are molecular volume, viscosity and the hydrostatic limit. [86] [87] [88] The liquids also differ in the types of intermolecular interactions, with the cages and that all these properties affect the penetration of molecules into the framework. 87 The highly viscous Daphne 7474 and isopropanol consist of large molecules, unlikely to penetrate the α-DmaFe 2+ Fe 3+ For6 structure. It appears that glycerol is similar, but it is much more hydrophilic in interactions. Finally, small molecules od methanol and ethanol can penetrate the pores and in this way affect the compression.
Conclusions
When exposed to different external stimuli, the hybrid iron-formate perovskite α-DmaFe 2+ Fe All these effects can be applied for planning the PSMs. Most importantly, this study on α-DmaFe 2+ Fe 3+ For6 and its PSM products has revealed a variety of transformations and reactions that broaden the general understanding about the chemistry in extreme conditions, and in particular the subtle effects most relevant to soft and highly sensitive hybrid metal-organic perovskites. 
High-pressure Structural Measurements
A black trigonal single crystal of the α-DmaFe 2+ Fe 3+ For6 has been mounted in a Merrill-Bassett diamond-anvil cell (DAC) chamber, 90 then filled with isopropanol, Daphne 7474 oil, glycerol and methanol, ethanol and isothermally compressed. The pressure inside the DAC was calibrated by the ruby-fluorescence method. 91, 92 The gaskets of 0.3 mm stainless steel foil with spark-eroded holes 0.5 mm in diameter were used. The DAC was centered by the gasket-shadow method. 93 The crystal compressed was measured by single crystal X-ray diffraction on an Xcalibur Eos-CCD and Kuma Eos-CCD 4-circle diffractometers (MoKα= 0.71073 Å). The optimum diffractometer settings for measuring the reflection intensities were applied. 94 Crystallographic data were collected and preliminarily reduced with the CrysAlisPro Version 1.171.33. 95 The structure was solved by direct methods in program Shelxs and refined with Shelxl using the Olex2 suite. [96] [97] [98] The final crystal data are summarised in Tables 1 and 2 (cf. Table S2 
